The flowers of Buddleja officinalis MAXIM. (Buddlejaceae) are used in traditional medicine in several parts of the world where it is indigenous. In folk medicine remedies, it is used for the treatment of stroke, headache, neurological disorders, conjunctival congestion, clustered nebulae, removal of heat, replenishment of the liver, and clearing the corneal opacity. 1-3) Besides its uses in traditional medicine, the B. officinalis plant has also been cultured and its flowers used as a yellow natural food colorant. 1, 4) Phytochemical studies of the flower have yielded isolation of flavonoids, 5) saponins, 6) and several phenylethanoid glycosides. 7) Pharmacognosy and usage of B. officinalis in traditional recipes have been widely reported by Chinese and Korean scientists. Flavonoids from the flowers have shown weakly antioxidative and antifungal activities. 5) The aqueous extract of B. officinalis inhibits highly glucose-induced matrix metalloproteinase activity. 3) However, the antioxidant activities of constituents from the flower have been not extensively studied. 5) As part of our investigations of bioactive compounds from Vietnamese medicinal plants, the flowers of B. officinalis were found to possess high antioxidant activity using the total oxidant scavenging capacity (TOSC) assay. The TOSC assay developed by the Winston and collaborators is a method for evaluating antioxidant activity based on the inhibition of oxy-radical-induced production of ethylene gas from a-keto-g-methiolbutyric acid (KMBA). 8, 9) The advantages of this method are that it is simple, rapid, and applicable for either biological tissues as well as pure antioxidants. Furthermore, unlike 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay, this assay can evaluate antioxidant capacity against physiological oxidants including peroxynitrite.
reduced pressure, the crude extract (94.37 g) was dissolved in 1.0 l of H 2 O to form a suspension that was successively partitioned with dichloromethane, ethyl acetate (EtOAc), and nbutanol to give dichloromethane (10.77 g), ethyl acetate (12.70 g), and n-butanol (27.29 g) extracts, respectively. The n-butanol extract was then subjected to column chromatography using SiO TOSC Assay against Peroxynitrite A slight modification of the method developed by Winston group was employed to determine the TOSC values against peroxynitrite. 9, 10) The assay is based on the inhibition of peroxynitriteinduced production of ethylene gas from a-keto-g-methiolbutyric acid (KMBA). Peroxynitrite was generated from the decomposition of 210 mM SIN-1 in the presence of 100 mM potassium phosphate buffer, pH 7.4, and 300 mM DTPA at 35°C. Reactions were carried out in 10 ml rubber septasealed vials at a final volume of 1.0 ml. The reactions were initiated by the addition of 100 ml of 3.0 mM KMBA and 100 ml of 2100 mM SIN-1. Ethylene production was measured by gas chromatographic analysis of 1.0 ml syringe injector taken from the headspace of the vials at indicated intervals during the course of the reaction. Total ethylene formation was quantified from the area under the kinetic curve. Ethylene production was analyzed by measuring aliquots of headspace of the reaction vials with a Shimadzu-2010 (Shimadzu Corp., Kyoto, Japan) gas chromatograph equipped with a DB-05 capillary column (30 m lengthϫ0.32 mm inner diameter) and a flame ionization detector (FID). The oven, injection, and FID temperatures were 60, 180 and 180°C, respectively. High purity helium was used as the carrier gas, at a flow rate of 30 ml/min.
Quantification of TOSC of Antioxidants TOSC values were calculated according to the following equation:
where SA and CA are the integrated areas of the curves observed from the experimental points of sample and control reactions, respectively. A TOSC value of 0 (∫ SA/∫ CAϭ1) corresponds to a sample lacking both scavenging capacity and inhibition of ethylene formation. Nevertheless, a maximum theoretical TOSC value of 100 would indicate total inhibition of ethylene formation throughout the assay (∫ SAϭ0). Because the area obtained with the sample was related to that of the control, the obtained TOSC values (experimental TOSC) were not affected by small variations in instrument sensitivity, reagents, or other assay conditions. Thus, the specific TOSC was calculated by dividing the experimental TOSC by the molar concentration of the antioxidant in the assay:
Comparative TOSC (cTOSC) values were quantified by dividing the specific TOSC value of the sample with the specific TOSC value of Trolox, as shown below:
Statistical Analysis
The results were expressed as meanϮS.D. Linear regression was calculated using Graph-Pad Prism, version 4.0 (GraphPad Software Inc., San Diego, CA, U.S.A.). For statistical comparison of the specific TOSC values, results were analyzed by one-way analysis of variance (ANOVA) followed by a Newman-Keuls multiple range test. The acceptable level of significance was established at pϽ0.05, except when otherwise indicated.
RESULTS AND DISCUSSION
The fresh collection of flowers of Buddleja officinalis was dried, macerated, and repeatedly extracted with MeOH. The extract was then partitioned in various solvents and the chemical constituents separated by normal or reversed-phase flash chromatography. Based upon the results of TLC and further by NMR analysis, nine compounds were isolated from the n-butanol and EtOAc extracts of the flowers (Fig.  1) and 13 C-NMR, and MS spectral methods. In brief, six phenylethanoid glycosides: acteoside (1) 11, 12) ; bioside (2) 13) ; echinacoside (3) 14, 15) ; poliumoside (4) 16, 17) ; bphenylethyl glycoside (5) 18) ; salidroside (6) 19) were isolated from the n-butanol extract and their structures determined by comparison with those published in the literature, respectively. Compounds 1 and 3 are major phenylethanoid glycosides of the flowers. Although compound 2 has been found in the leaves of Premna odorata (Verbenaceae), 13) this is the first report of its isolation from the Buddleja genus. Three flavonoids, linarin (7), 20) apigenin (8), 5) and isorhoifolin (9) 21) were isolated from the EtOAc extract. Among them, compound 7 was obtained in a considerable amount (4.5 g, 0.225%) from the methanol extract of the flower. All compounds were obtained as light yellow solids, indicating their role in the yellow coloration pigments from the B. officinalis flower. The antioxidant activities of isolated compounds against peroxynitrite were then examined following TOSC method. This assay based on the reaction between reactive oxygen/nitrogen species (*OH, *OOH, Ϫ OONO, …) and KMBA, which is oxidized to ethylene. In case of peroxynitrite, a brief chemical reaction can be described in Fig. 2 .
As shown in Table 1 , the high antioxidant activities of the methanol and water extracts against peroxynitrite indicate an expectation of isolating strong anti-oxidative compounds from the extract. Following the assay as described by Win-1954 Vol. 32, No. 12 8, 9) the isolated compounds were tested for antioxidant activity through oxidant scavenger competition with KMBA. Ethylene gas liberated from these reactions was analyzed on a GC instrument (Fig. 3 ). In the ethylene spectra, the lower curve lines of the test samples relative to those of the control sample indicated oxidant arrested prevention of the compounds. Finally, the specific TOSC and comparative TOSC values of the compounds were calculated from the differences in ethylene peak area and concentrations ( Table 2) .
The methanol and water extracts showed significantly high TOSC values against peroxynitrite, indicating the valuable properties of the flower in folk medicine remedies. Thus, the antioxidant activities of each isolated compound were measured at 50 mM against peroxynitrite. All phenylethanoid glycosides (1, 3, 4) showed antioxidant activity higher than other compounds, respectively (Fig. 3) ; compounds 5 and 7 were considered to have no activity. Although compound 2 was isolated for the first time from B. officinalis but the antioxidative activity of 2 is low compared to the other isolated compounds. Thus, compound 2 is not the main active constituents in this plant.
TOSC values of compounds 1-4, 6, 8, and 9 against peroxynitrite were evaluated at four different concentrations ( Fig. 4 , Table 2 ). Compounds 1-4 showed a high antioxidant activity with specific TOSC values of 20.77, 5.28, 20.65, and 20.01 mM, respectively. In this experiment, compound 6 and flavonoids 8, 9 showed lower antioxidant values, compared with Trolox as the positive control. Comparing the chemical structure of all isolated compounds ( Fig. 1) and their antioxidant activities (Table 2) , it was discernable with relative ease that three phenylethanoid glycosides (1, 3, 4) containing a caffeoyl moiety connected to the glucose portion as an equatorial substitution at position C-4, possessed the highest specific TOSC values. The caffeoyl substitution of the phenylethanoid glycosides likely contributes to the powerful antioxidant activities. The high antioxidant activity could also be due to the presence of two phenolic groups in the caffeoyl moiety. Furthermore, comparison with the specific TOSC values of the common standard antioxidant Trolox indicated that phenylethanoid glycosides 1-4 are strong antioxidants and would significantly reduce oxidative stress, while compounds 6, 8, and 9 are weak antioxidants. It is evident that compounds 1-4 with catechol fragments (two adjust OH-groups), display a higher TOSC than compound 6 that has only one active OH-group shows only a minor TOSC. 22, 23) It may be also speculated that just compounds 1-4 are responsible for a possible antioxidant activity of flowers under study.
These results also demonstrated that phenylethanoid glycosides such as 1-4 are responsible for the high antioxidant activity of the methanol extract. Therefore, the results herein have explained, in part, why this plant has been used for the treatment of oxidative stress disorders in folk medicine. Other biological studies of these compounds are in progress.
In conclusion, six phenylethanoid glycosides (acteoside, bioside, echinacoside, poliumoside, phenylethyl glycoside, salidroside) and three flavonoids (linarin, apigenin, isorhoifolin) were isolated from the methanol extract of the flowers of B. officinalis and tested for antioxidant activity against peroxynitrite radicals. The TOSC values showed that most of the isolated compounds were oxidant scavengers. Among them, acteoside, echinacoside, and poliumoside were strong antioxidant compounds with specific TOSC values of 20.77, 20.65, and 20.01 per mM, respectively. The presence of the caffeoyl group in the phenylethanoid glycosides enhanced the specific TOSC values. The resulting data elucidates the nature of the yellow colorants of the flowers and their use in traditional recipes for treatment of inflammation and oxidative stress diseases.
